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EFFECT OF HEXANE AND ETHER FRACTIONS OF SNAKEWEED (GUTIERREZIA SPP) ON SELECTED SERUM CONSTITUENTS OF MALE SPRAGUE-DAWLEY RATS.1
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ABSTRACT:  A trial was conducted to determine the effect of hexane and ether fractions of snakeweed (SW) on selected serum constituents in male Sprague-Dawley rats. Treatments were positive control (CON, n = 8, maintenance intake + 10% DM), hexane fraction (HF, n = 8), ether fraction (EF, n = 7) and pair-fed control for hexane (HPC, n = 8) and ether (EPC, n = 7).  All rats were fed a commercial rat chow daily as the basal diet. Chemical fractions were delivered by top dressing the diet using soybean oil as the carrier. The fractions were delivered to represent SW at a rate equal to 40% of the diet as DM.  Pair- fed controls received the carrier in the amounts equal to the total of the extract plus soybean oil.  Serum samples were collected at the end of the trial (day 30). Body weights were recorded weekly.  Triglycerides were lower in rats fed HF (P <.05) and EF (P =.06) compared to their respective pair-fed controls.  In addition, blood urea nitrogen was depressed in HF (P < .05) and EF (P =.06) compared to their respective pair-fed controls.  Average daily gains (g) tended to be lower for HF (P < .10) and EF (P =.13) compared to their respective pair-fed controls. In general, these data indicate that the HF and EF may contain potential toxicants as reflected by alteration of serum constituents.  These changes were noted between the extracts and pair fed controls. Thus, the effects may be potentially attributed to the chemical contents of both extracts and not due to the nutrient content of the diet.
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Introduction

Gutierrezia sarothrae and G.  microcephala are two species of perennial snakweed (SW) known as threadleaf and broom SW, respectively.  They invade a wide range of areas in the Western United States, northern Mexico and southern Canada.  About 60% of the New Mexico and 22% of the west Texas rangelands are infested with SW (Torell et al., 1988).  As a result of this infestation, production losses to SW have been estimated at $40 million dollars annually (Torell et al., 1988).

______________________________________________ 1Supported by special state and federal appropriations to the New Mexico State University Agriculture Experiment Station.

Snakeweed has been reported to cause abortion, loss in body weight and retained placenta in grazing cattle and sheep (Dollahite and Anthony, 1957). These gross symptoms were further confirmed by the observed lesions in the internal organs (i.e. liver, kidneys, spleen, heart and uterus) (Mathews, 1936, Dollahite and Anthony, 1957).  

In addition, several studies revealed the sensitivity of rats to SW toxicities (Flores-Rodriguez et al., 1989, 1990; Edrington et al., 1990, 1993a, 1993b).  For example, Flores-Rodriguez et al. (1989) reported that ingestion of SW prior to mating (12 or 25% as fed basis) caused failure in female reproduction (i.e. reduce progesterone level).  They also reported (Flores-Rodriguez et al., 1989, 1990) that SW caused progressive decreases in serum cholesterol and triglycerides.  However, they noted increased blood urea nitrogen (BUN), creatinine and serum alanine aminotranserase, gamma-glutamyl-transferase and alkaline phosphatase.

Only one study (Smith et al., 1994) has tried to relate the observed toxicity to any chemical present in SW.  However, the findings of this study were inconclusive and never repeated.  Snakeweed contains saponins, flavonols, and essential oils that might singly or together contribute to the observed toxicity.  The objective of this study was to investigate the effects of hexane and ether fractions of SW on selected serum constituents of male Sprague-Dawley rats. This study is a first step in identifying the toxicological/pharmacological chemicals of SW.

Material and Methods

Prebloom SW was hand harvested at New Mexico State University’s Chiuahuan Desert Rangeland Research Center on July 18th, 1998.  The top 10-15 cm of the plant was harvested and stored frozen.  Prior to extraction, the plants were chopped into 2-3 cm lengths.  The SW was then sequentially extracted with hexane and diethyl ether. Extraction was conducted in 700g batches at room temperature on a circular flat bed shaker for 22 h with 3 L of each solvent.  The 8300g of SW extracted gave a total mass of 117.7g of hexane fraction (yellowish bright color) and 611.8g of ether fraction (sticky and greenish in color).

Forty adult male rats (552.4 + 9.1 g) were purchased (Zivic Laboratories, Pittsburg, PA), stratified by body weight and randomly allocated to their respective treatments.  Animal use was approved and followed the guidelines of the IACUC at New Mexico State University.  Treatments were positive control (n=8; CON; maintenance intake + 10% DM), hexane fraction (n=8; HF), ether fraction (n=7; EF) and pair-fed controls for hexane (n=8; HPC) and ether (n=7; EPC).  All rats were fed a commercial rat chow (Purina Co., St. Louis, MO) daily as a basal diet.  Chemical fractions were delivered by top dressing the diet using soybean oil as a carrier (1:1 ratio).  The fractions were delivered to represent SW at a rate equal to 40 % of the diet as DM. The diets were isocaloric and isonitrogenous.   Pair-fed controls received the carrier in the amount equal to the total of the extract plus soybean oils.

Body weights were recorded weekly and blood samples (~ 5ml) were collected via cardiac puncture at the end of the trial (d 30).  Serum was harvested and stored frozen (-20oC).  Serum was analyzed for cholesterol, triglycerides, and BUN using the manual procedures of Sigma Chemical Co. (St. Louis, MO; procedure #352, #336, and #66, respectively) modified for use with a microtiter plate reader.

All the data were analyzed as a completely randomized design using the General Linear Models Procedures of SAS (SAS, 1996).  

Results and Discussion

Table 1. shows the selected serum constituents of rats fed hexane or ether fractions of snakeweed for 30 days.  Given that these constituents have been documented to change in rats (Flores-Rodriguez et al., 1989, 1990), they were used to examine the toxic effects of HF and EF of snakeweed.  The hexane and ether fractions caused various changes in the selected serum constituents.  Cholesterol was found to be depressed in rats fed HF (P < .05) compared to its respective pair-fed control.  Flores-Rodriguez et al., (1989, 1990) fed 12.5% and 25% of whole SW to rats and indicated that snakeweed caused a decrease in serum cholesterol concentration.  These authors speculated that saponins in snakeweed may be the cause of this effect. Presumably saponins would complex with cholesterol decreasing its availability for absorption.  Although, the HF was not analyzed for saponin content, we are fairly confident that saponins were not present in this extract given that intact saponins are polar and more readily extracted with alcohol.  Thus, the cholesterol lowering effects of the HF are likely due to chemicals other than saponins (e.g., lipid soluble essential oils; Molyneux et al., 1980).

Serum triglyceride (Table 1) concentrations were lower in both the HF (P < .05) and EF (P = .10) compared to their respective pair-fed controls.   They were also lower in relation to CON (P < .05).  Flores-Rodriguez (1990) using male rats also showed decreased serum triglyceride concentrations following consumption of snakeweed.  These data further support the toxic activity of chemicals present in snakeweed other than saponins in precipitating the intoxication.

Blood urea nitrogen (Table 1) was lowered (P < .10) in HF in relation to its pair-fed control.  Likewise, the BUN of HF was lower than that of the CON group.  This is in contrast to Flores-Rodriguez et al. (1989, 1990) where they reported either an increase or no change in BUN of rats consuming SW.  At present, it is not clear why the HF fraction would have a suppressing effect on BUN levels.  In addition, the HF fraction induced a decrease (P < .10) in ADG. These data further support chemicals associated with the HF treatment may have toxic effects.

The EF treatment (Table 1) provided mixed results in that no differences were noted for EF on cholesterol or BUN in relation to its pair-fed control.  However, the EF and EFC groups did show reduced (P <  . 05) cholesterol levels in relation to the CON group.  At present there is no good explanation for this finding.  In addition, the BUN for the EFC group was lower (P < .05) than those of the CON group.  Again no good explanation currently exists to explain these findings.

These data would currently indicate that the HF treatment contains chemicals that may potentially be related to snakeweed intoxication in range livestock.  However, at present it is difficult to assess whether the EF fraction contains any toxic constituents given the mixed results.  Interestingly, myrcene a chemical likely to be associated with the HF fraction (Molyneux et al., 1980) was found to have peri- and postnatal developmental toxicity in rats (Delgado et al., 1993).  Although, not tested in our study it would be interesting to see if the HF treatment would precipitate reproductive failure in rats similar to that reported by Flores-Rodriguez et al. (1989).

Implications

Should testing of additional serum constituents and histologic analysis of body tissues collected from rats receiving the HF treatment continue to support treatment induced changes in metabolism, then the data will be an important first step in isolating the toxic component(s) of snakeweed.  In addition, further testing of EF is needed to rule it out as a participant in the toxicity of snakeweed.  Additionally, the testing and analysis of a fraction containing high levels of saponins is needed in order to explore the potential involvement of these compounds in the toxicity.  Identification of the toxic component(s) is essential to the development of management protocols aimed at increasing animal tolerance to snakeweed toxicity.
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Table 1. Serum constituents in male rats fed hexane and ether fraction of snakeweed (representing 40% of the diet) for 30 d.


Treatments


Positive

Controla
Hexane
Hexane

Pair-Fed
Ether
Ether

Pair-Fed
SEb

No of animals
8
8
8
7
7


Triglycerides
197c
100d
212c
111df
170dg
21

Cholesterol
191c
71d
181c
98e
97e
23

BUN
21c
15d
19ce
19ce
17e
1

ADG d0-d28
2.4f
1.3g
2.3f
0.4g
1.4f
0.5

aMaintenance intake + 10%.

bStandard error of the mean.

cdeRow values with different superscripts differ (p<0.05).

fgRow values with different superscripts differ (p<0.10).

